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Abstract
The objectives of the present study were to assess total dietary fibre intake and the main contributors to fibre intake in the Belgian popu-
lation by sex–age and sex–education groups and to investigate its relationship with BMI and waist circumference (WC). The participants of
the Belgian food consumption survey (2004) were randomly selected. Information about food intake was collected using two repeated,
non-consecutive 24 h recall interviews. A total of 3083 individuals ($15 years; 1546 men and 1537 women) completed both interviews.
The main contributors to total fibre intake (17·8 g/d) were cereals and cereal products (34 %; 5·9 g/d), potatoes and other tubers
(18·6 %; 3·3 g/d), fruits (14·7 %; 2·8 g/d) and vegetables (14·4 %; 2·6 g/d). Legume fibre intake was extremely low (0·672 %; 0·139 g/d).
In all sex–age and sex–education groups, total fibre intake was below the recommendations of the Belgian Superior Health Council.
Men (21 g/d) consumed significantly more fibre than women (17·3 g/d) (P,0·001). Lower educated men and higher educated women
reported the highest fibre intake. A significant inverse association was found between total fibre intake and WC (b ¼ 20·118,
P,0·001). Fruit-derived fibre was positively associated with WC (b ¼ 0·731, P¼0·001). In summary, total fibre intake was inversely associ-
ated with WC, whereas fruit-derived fibre intake was positively associated with WC in the Belgian population.
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Dietary fibre is one of the nutritional compounds of vegetable
foods, defined by the Codex Committee on Nutrition and
Foods for Special Dietary Uses as carbohydrate polymers
with ten or more monomeric units, which are not hydrolysed
by endogenous enzymes in the small intestine(1). Dietary fibre
can be classified into water-soluble and water-insoluble fibre.
Water-soluble fibres can delay small-bowel absorption, which
may reduce cholesterol absorption, but also pancreatic
enzyme activity and protein digestion(2,3). Subsequently, the
colonic fermentation of fibres results in the production of
gases and SCFA(4), which causes a longer-lasting satiety and
lowers the glycaemic index of foods, and, consequently,
attenuates the insulin response(5,6). Due to its anti-nutritive
properties and non-digestibility, water-insoluble fibre can
increase the bulkiness of stool and faecal mass, thereby short-
ening transit time(3).
A decreased dietary fibre intake in Western countries is found
to be associated with a higher prevalence of chronic dis-
eases(7,8). Epidemiological data suggest an inverse association
between the consumption of dietary fibre and chronic dis-
eases(9) and a positive association with an overall healthier
profile (lower blood pressure, lower cholesterol levels and
improved insulin sensitivity)(10). In the past decades, the decline
in dietary fibre has been hypothesised as a possible determinant
for increased adiposity, metabolic disorders and CVD(11).
Several recent studies have reported that dietary fibre intake
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may protect against adiposity and metabolic disorders(12–14).
Moreover, recent cohort studies and randomised control trials
have shown a significant inverse association between fibre
consumption and the risk of developing obesity(15) and the
metabolic syndrome(16). Therefore, the intake of dietary fibres
is strongly recommended by the WHO (.25 g/d) and the
Belgian Superior Health Council (BSHC) (40 g/d for male ado-
lescents (14–18 years); 30 g/d for adults and female adolescents
(14–18 years))(17,18) due to the health benefits.
These fibre recommendations have been translated into
food-based dietary guidelines(19) that have been developed to
help the general population in choosing a healthy diet. Vande-
vijvere et al.(20) compared the Belgian food-based dietary
guidelines, which are based on our Belgian dietary recommen-
dations, with the results derived from the Belgian food con-
sumption survey. This comparison showed that Belgian
dietary habits deviate importantly from the Belgian dietary
guidelines. Mainly, the intake of plant products (fruits and veg-
etables), which are important for our fibre intake, was very low
in Belgium(20). Vandevijvere et al. reported that only 38 and
47 % of the Belgian population consumed vegetables and
fruits, respectively, whereas 82 and 52 % of the Belgian popu-
lation consumed bread and cereals, and potatoes and other
tubers, respectively, on a daily basis. Men consumed more
bread and cereal products, potatoes and grain products, and
fruits than women did, though no differences were found in
vegetable intake. The consumption of bread and cereals, and
potatoes and grains decreased by increasing age category.
The daily consumption of vegetables and fruits, however, was
highest among the subpopulation aged 60–74 years old
and lowest in the adolescents aged 15–18 years. Furthermore,
Huybrechts & De Henauw(21) showed that the majority of
Flemish preschoolers aged 2·5–6·5 years old did not meet the
recommended fibre intake of the BSHC. Matthys et al.(22)
reported that Flemish adolescents (13–18 years) also did not
reach the fibre requirements of the BSHC.
When considering the above-mentioned gaps in the con-
sumption of plant-rich foods in our Belgian diet and knowing
that the prevalence of obesity increased in the past years(23,24),
it would be interesting to get more insight into the intake of
dietary fibres among our Belgian population and its associ-
ation with overweight and obesity.
Therefore, the main objectives of the present study were to
evaluate dietary fibre intake among the Belgian population
and to explore possible differences in intake among sex–
age and sex–education groups. Furthermore, in view of the
health effects of fibres related to obesity, the association
between fibre intake and BMI and waist circumference (WC)
was assessed.
Materials and methods
Sampling design and data collection
For the purpose of the present study, data from the Belgian
national food consumption survey were used(25). This survey
was performed in 2004 and followed, to a large extent, the
recommendations of the European Food Consumption
Survey Method project, defining a method to monitor food
consumption in nationally representative samples of all age–
sex categories(26). The target population was defined as all
persons of 15 years and older residing in Belgium and willing
to participate. Institutionalised individuals, persons not able to
speak one of the national languages or physically or mentally
unable to be interviewed were excluded from the survey. A
stratified multi-stage sampling design was used to select the
participants from the whole country covering regions of
Flanders, Brussels and Walloon. The population was stratified
in four sex–age groups (15–18, 19–59, 60–74 and $75
years). Approximately 400 individuals were included in each
sex–age stratum. Adolescents were defined as participants
being 15–18 years of age.
The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all pro-
cedures involving human subjects were approved by the
medical ethical committee of the Scientific Institute of Public
Health in Brussels. Written or verbal informed consent was
obtained from all subjects. Verbal consent was witnessed
and formally recorded.
Dietary intake assessment
Two repeated, non-consecutive 24 h dietary recall interviews
were used to collect the food consumption data. During the
first home visit, a 24 h dietary recall was performed through
a computer-assisted face-to-face interview by a well-trained
dietitian. The second 24 h dietary recall was repeated 2–8
weeks later (median 3 weeks). Interviews were randomly allo-
cated to different days of the week and over a 12-month
period in order to include day-to-day and seasonal variations.
During the interviews, information (quantities, brand names
and recipes used) was collected on all foods and beverages
consumed during the preceding day.
The validated software package EPIC-SOFT (International
Agency for Research on Cancer (IARC), Lyon, France),
designed to obtain a very detailed description and quantifi-
cation of all foods consumed, was used to obtain standardised
24 h dietary recall interviews(27). Additionally, a book with
coloured photographs of foods in different portion sizes was
used to support the quantification.
In the present study, 2288 different food items (from seven-
teen food groups and 107 food subgroups) were consumed by
the respondents. Dietary fibre intake was estimated based on
the American Association of Analytical Chemists method(28)
used in the Belgian NUBEL(29), the Dutch NEVO(30) and the
USDA food composition databases(31). Dietary fibre, as defined
by the American Association of Analytical Chemists, includes
NSP and indigestible carbohydrates resistant to digestive
enzymes. Energy-adjusted dietary fibre intake was also calcu-
lated using the formula total fibre intake (g/d)/total energy
intake (MJ/d).
Level of education
Participants were asked to report the highest degree that they
had obtained during the first interview. Four categories of
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education level were created: (1) lower secondary; (2)
vocational, technical or art; (3) general secondary; (4) higher
education (bachelor, master or above).
Anthropometric measurements
Weight (kg) and height (m) were self-reported by the respon-
dents, while WC was measured by the trained dietitians at
home after 24 h recall interviews. Pregnant women reported
their weight before pregnancy. BMI was calculated as
weight (kg)/height (m2). Adult participants were classified
into four BMI categories according to the WHO definition:
underweight (,18·5 kg/m2); normal weight (18·5–24·9 kg/m2);
overweight (25·0–29·9 kg/m2); obesity ($30·0 kg/m2)(32).
The BMI of adolescent participants was classified into the same
four categories according to Cole et al.(33) (normal weight,
overweight and obesity) and Flemish cut-off values (for
underweight only)(34). The cut-off criteria for adults’ WC were
as follows: normal, ,80 cm (women) and ,94 cm (men);
normal to borderline, 80–88 cm (women) and 94–102 cm
(men); abdominal obesity, $88 cm (women) and $102 cm
(men)(35). The cut-off criteria of WC for adolescents were
based on Taylor et al.(36).
Statistical analysis
Descriptive and statistical analyses by the sex–age and sex–
education groups were performed using SPSS for Windows
version 15 (SPSS, Inc., Chicago, IL, USA). Results were con-
sidered statistically significant at an a two-tailed level of
0·05. Tests for normality and equality of the variances were
performed using the Kolmogorov–Smirnov and Levene’s
test, respectively. To obtain a normal distribution, the dietary
total fibre intakes and total fibre intake from main sources
were log-transformed. Descriptive statistics include mean
intakes of total fibre and food group-specific fibre intakes,
BMI and WC with their standard errors. Student’s t test,
ANOVA with Bonferroni correction was used to compare
means between the groups.
Associations between BMI or WC (separate dependent vari-
ables) and total fibre intake or food group-specific fibre intake
(independent variables) were investigated by stepwise mul-
tiple linear regression via three models: (1) unadjusted
model; (2) model adjusted for age, sex, region and education
level; (3) model further adjusted for total energy intake and
the interactions based on model 2. The null hypothesis pos-
ited that there is no association between fibre intake and the
BMI or WC (H0: b ¼ 0). The potential effect of confounding
factors such as age, sex, region and education level was ana-
lysed by stratification to obtain the second coefficient estimate
(b in model 2). Additionally, interactions between the inde-
pendent variable and all effect factors and between the
effect factors were examined, resulting in the third coefficient
estimate (b from model 3). Total fibre and food group-specific
fibre intakes were investigated in separate models because of
collinearity. Outliers were removed according to the residual
method.
Results
Study population
In total, 3083 individuals (1546 men and 1537 women) out of
7543 contacted individuals participated in the survey and com-
pleted both 24 h dietary recalls. Among all 3083 individuals,
2961 participants reported their education level, 3055 reported
their weight and height, and for 2875 subjects, WC was
measured.
BMI and WC of all participants differed according to sex,
age and education level (Table 1). The prevalence of over-
weight or obese men was higher compared with women,
with a mean BMI of 25 and 24 kg/m2, respectively. Of all the
participants, 42 % of women and 29 % of men were abdomin-
ally obese. The prevalence of overweight or obese subjects,
based on both BMI and WC, was the highest in the groups
of 60–75 and $75 years and in the subjects with the lowest
educational level.
Total fibre intake
The mean total fibre intake in Belgium was 17·8 (1·4–57) g/d.
Men consumed significantly more fibre than women
(P,0·001), with the lowest and highest intakes reported by
the 15–18 and the 60–74 years of sex–age groups, respect-
ively (Table 2). With regard to the level of education, men
in the lowest education group and women with a higher edu-
cation level had the highest mean total fibre intakes (21 and
16·7 g/d, respectively). The energy-adjusted dietary fibre
intakes, on the other hand, were significantly higher in
women compared with men (P,0·001), increased by ageing
and was the highest in the lowest educated women in the
sex–education groups.
The mean dietary fibre intake of the Belgian population was
approximately half of the recommended intake by the BSHC
(Table 2)(17), with the majority (63 % men and 89 % women)
not meeting the recommendations. Fibre intakes of Belgian
adults were too low according to several international guide-
lines for adults, such as the WHO (.25 g/d)(18), the USDA
(men, 38 g/d; women, 25 g/d)(31), the Institute of Medicine
of the National Academies (men aged 19–50 years, 38 g/d;
men $50 years, 30 g/d; women aged 19–50 years, 25 g/d;
women $50 years, 21 g/d)(37) and the British Nutrition Foun-
dation (18·0 g/d NSP, approximately 24 g/d total dietary
fibre)(38). Likewise, the adolescent population (men, 17·8 g/d;
women, 15·0 g/d) reported intakes below the dietary
reference intakes of the Institute of Medicine of the National
Academies (men, 38 g/d; women, 26 g/d)(37) and Williams’
Age plus 5 guideline (19·0–23 g/d)(39).
Main food groups contributing to fibre intake
Five food groups contributed to 82 % of the total fibre intake
in Belgium (corresponding with a mean intake of 14·7 g/d).
In all sex–age (Table 3) and sex–education (Table 4)
groups, cereals and cereal products contributed most (34 %;
5·9 g/d), with bread, crispbread and rusks as the main sources
within this category, followed by potatoes and other tubers
Y. Lin et al.1694
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Table 1. Characteristics of the participants of the Belgian national food consumption survey (2004–5)
(Mean values with their standard errors)
BMI (kg/m2)* Waist circumference (cm)†
Population
Prevalence (%) Prevalence (%)
Characteristics n Mean SEM Underweight Normal Overweight Obesity Mean SEM Normal Borderline Abdominal obesity
Sex 3083
Men 1546 25 0·1 3·1 52 34 10·1 88 0·7 43 27 29
Women 1537 24 0·1 5·7 58 25 10·5 80 0·7 39 19 42
Age (years) 3083
15–18 762 21 0·1 9·7 79 10·2 1·3 76 0·6 72 20 7·6
19–59 828 24 0·2 3·7 60 26 10·1 81 1·0 51 24 25
60–75 789 26 0·2 1·0 36 44 18·6 91 0·9 20 27 53
$ 75 704 25 0·2 3·2 46 40 10·8 90 1·2 19 22 59
Education 2961
Lower secondary or less 967 26 0·1 2·2 41 40 16·5 97 0·4 21 23 56
Vocational, technical or art 734 24 0·2 5·4 60 27 7·6 87 0·5 49 26 25
General secondary 530 22 0·2 6·0 70 20 4·2 83 0·6 57 22 21
Higher 730 24 0·2 4·7 60 27 8·6 89 0·5 47 23 30
Region
Flanders 955 24 0·1 3·7 58 29 9·5 84 0·6 41 24 35
Brussels 233 24 0·3 6·5 58 27 7·8 83 1·5 43 28 29
Walloon 918 25 0·1 5·1 50 33 12·5 86 0·8 40 21 38
* BMI categories of adults: underweight, ,18·5 kg/m2; normal weight, 18·5–24·9 kg/m2; overweight, 25·0–29·9 kg/m2; obesity, $30·0 kg/m2 (32). For adolescents, the categories were assigned according to the cut-off values for
children and adolescents developed by Cole et al.(33) and according to the Flanders growth charts(34).
† Waist circumference categories for adults: normal, ,94 cm (men) and ,80 cm (women); borderline, 94–102 cm (men) and 80–88 cm (women); obesity, $102 cm (men) and $88 cm (women)(35). For adolescents, the categories
were assigned according to the cut-off values given by Taylor et al.(36).
F
ib
re
in
tak
e
an
d
o
b
e
sity
in
B
e
lg
iu
m
1
6
9
5
British Journal of Nutrition
Table 2. Reported and recommended daily total dietary fibre intakes and the percentage of the subjects in the agreement with the recommendations of the Belgian Superior Health Council(17),
stratified in sex–age and sex–education groups
(Mean values with their standard errors)
Total fibre intake
Men Women* Subjects (%)†
Reported (g/d)
Energy-adjusted
(g/(MJ £ d)) Reported (g/d)
Energy-adjusted
(g/(MJ £ d))
Stratification Mean SEM Mean SEM Recommended (g/d) Mean SEM Mean SEM Recommended (g/d) Men Women
Age (years)
15–18 17·8a 0·4 1·7a 0·1 40 15·0a 0·3 2·1a 0·1 30 0·0 0·8
19–59 19·5a 0·4 2·0b 0·1 30 15·8a 0·3 2·4b 0·1 30 12·4 2·1
60–75 21b 0·4 2·4c 0·1 30 17·5b 0·4 2·8c 0·1 30 14·3 5·6
$ 75 19·8a 0·4 2·5c 0·1 30 16·2a 0·4 2·7c 0·1 30 10·2 2·7
Education
Lower secondary or less 21a 0·4 2·5a 0·1 30 16·3a 0·3 2·6a 0·1 30 14·6 3·5
Vocational, technical or
art education
19·1b 0·4 2·0b 0·1 30 15·1a 0·3 2·3b 0·1 30 9·6 0·9
General secondary
education
18·8a 0·5 2·0b 0·1 30 16·5b 0·4 2·3b 0·1 30 6·3 3·2
Higher education 19·1a 0·4 2·1b 0·1 30 16·7b 0·3 2·5a 0·1 30 1·1 3
a,b,c Mean values within a column with unlike superscript letters were significantly different (P,0·05, ANOVA with Bonferroni correction after log transformation).
* Mean values were significantly different between men and women (P,0·05; Student’s t test after log transformation).
† Percentage of participants meeting the recommended dietary fibre intake of the Belgian Health Superior Council.
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(18·6 %, 3·3 g/d), fruits (14·7 %, 2·8 g/d) and vegetables (14·4 %,
2·6 g/d). Interestingly, the subgroup ‘bread, crispbread and
rusks’ of cereals and cereal products contributed significantly
less in the adolescent group compared with the older
groups (P,0·05), whereas ‘other cereal products’, in contrast,
contributed most to adolescents’ intake. The intake of legume-
derived fibres was extremely low (0·672 %; 0·139 g/d) in all
sex–age and sex–education groups. The contributions of
fruits and vegetables were the largest in the elderly population
(60–74 years in particular) and the lowest in adolescents. In
general, potato-derived fibre intakes decreased with the
level of education. The contribution of other cereal products
was the lowest for lower secondary educated participants,
whereas higher educated subjects consumed more fibres
from vegetables and fruits.
Anthropometric indices and total and specific fibre intake
Associations between BMI or WC, on the one hand, and total
or food group-specific fibre intake, on the other hand, were
investigated by stepwise multiple linear regression (Table 5).
In model 1, crude BMI was associated with fibre intake from
potatoes and other tubers, vegetables, fruits, and cereals and
cereal products. After adjustment for age, sex, region and edu-
cation level (model 2), a significant association was observed
between BMI and the intake of fibres from cereals and cereal
products (b ¼ 20·045, P¼0·025), but no association was
found after adjustment for energy intakes and interactions
with and between the effect factors (model 3). According to
model 3, WC, on the other hand, was inversely related to
the total fibre intakes (b ¼ 20·118, P,0·001) and positively
related to fruit-derived fibre intakes (b ¼ 0·731, P¼0·001).
Discussion
Total and food group-specific fibre intake
The total daily fibre intakes in this large population-based
national nutrition survey were on average 17·8 g and below
(men 63 %, women 89 %) the recommendations proposed by
the BSHC(17).
Compared with the study reported by Matthys et al.(22)
involving Flemish adolescents (13–17 years) living in Ghent
and using 7 d food records, the male adolescents participating
in the present study consumed considerably less dietary fibre
than Ghent adolescents (mean 21 g/d), whereas the female
adolescents from Ghent had a slightly higher average dietary
fibre intake (mean 15·9 g/d). After adjustment for energy
intake, however, male adolescents from the Belgian food con-
sumption survey had slightly lower intakes than reported in
the study of Matthys et al. (1·8 g/MJ £ d), while female
adolescents had higher intakes than those in the study of Mat-
thys et al. (1·9 g/10 MJ).
Table 3. Contribution (g/d) of different food groups to the total fibre intake among the study population, stratified by the sex–age groups
(Mean values with their standard errors)
Age (years)
15–18 19–59 60–75 $75
Food sources Mean SEM Mean SEM Mean SEM Mean SEM
Men
Total intake of main sources 14·2a 0·3 16·4b 0·4 17·6c 0·4 16·7b 0·4
Potatoes and other tubers 3·5a 0·1 3·5a 0·2 4·4b 0·1 4·4b 0·2
Vegetables 2·1a 0·1 2·6b 0·1 3·1c 0·1 2·6c 0·1
Legumes 0·097a 0·029 0·255a 0·073 0·220a 0·060 0·137a 0·044
Fruits
All fruit 1·5a 0·1 2·5b 0·2 3·3c 0·2 3·2c 0·2
Fresh fruit 1·4a 0·1 2·2b 0·1 3·1c 0·2 3·1c 0·2
Nuts and seeds 0·115a 0·030 0·243b 0·051 0·207a 0·057 0·083a 0·040
Cereals and cereal products
All 7·0a 0·2 7·6a 0·3 6·7a 0·2 6·4b 0·2
Bread, crispbread and rusks 5·1a 0·2 6·4b 0·3 6·1b 0·2 5·9b 0·2
Other cereal products 1·9a 0·1 1·2b 0·1 0·557c 0·051 0·483c 0·063
Women
Total intake of main sources* 11·7a 0·3 12·9b 0·3 14·7c 0·3 13·4b 0·3
Potatoes and other tubers* 2·2a 0·1 2·1a 0·1 3·0b 0·1 3·2b 0·1
Vegetables 1·9a 0·1 2·7b 0·1 2·9b 0·1 2·5a 0·1
Legumes 0·060a 0·019 0·141a 0·043 0·102a 0·038 0·097a 0·037
Fruits
All fruit* 2·4a 0·1 2·7b 0·1 3·7c 0·2 3·3c 0·2
Fresh fruit* 2·2a 0·1 2·5b 0·1 3·6c 0·2 3·3c 0·2
Nuts and seeds 0·191a 0·042 0·141a 0·030 0·094a 0·023 0·065b 0·037
Cereals and cereal products
All* 5·1a 0·1 5·3a 0·2 5·0a 0·2 4·2b 0·1
Bread, crispbread and rusks* 3·7a 0·1 4·3b 0·2 4·5b 0·1 4·0b 0·1
Other cereal products 1·5a* 0·1 1·0b 0·1 0·466c 0·053 0·224d 0·029
a,b,c,d Mean values within a row with unlike superscript letters were significantly different (P,0·05, ANOVA with Bonferroni correction after log transformation).
* Mean values were significantly different between men and women (P,0·05, Student’s t test after log transformation).
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The dietary fibre intakes of the Belgian population were
comparable to the European levels (male adolescents, 14·0–
26 g/d; female adolescents, 14·0–22 g/d; male adults, 18·0–
26 g/d; female adults, 16·0–26 g/d; elderly men, 15·0–31 g/d,
and elderly women, 16·0–23 g/d)(40). Belgian men had similar
dietary fibre intakes as Catalan men in Spain using the same
method in 10- to 75-year-old subjects, while Belgian women
in all age groups consumed substantially less dietary fibres
than Spanish women (Spanish 17·0 g/d)(41). Additionally,
Spanish male adolescents (mean 18·7 g/d) had slightly
higher dietary fibre intakes than Belgian male adolescents
(17·8 g/d), whereas Belgian adolescents had slightly higher
dietary fibre intakes than Italian adolescents via 24 h dietary
records (Belgium: men, 17·8 g/d; women, 15·0 g/d; Italy:
men, 17·0 g/d; women, 14·0 g/d)(42).
According to two American national nutrition surveys using
24 h recalls (1988–91: all age categories; 1988–2004: adults),
lower total fibre intakes were reported among the US popu-
lation (14·0–16·7 and 16·0–19·0 g/d, respectively)(43,44).
Furthermore, based on a Japanese dietary survey among the
general population, Japanese and Belgian men had similar
fibre intakes, whereas Japanese women (14·7–21 g/d) con-
sumed comparatively more fibres than Belgian women in all
age groups(8). However, Japanese men ,30 years (13·7 g/d)
consumed a substantially lower amount of fibres compared
with the same Belgian population group (18·1 g/d).
In the present study, the most important contributors to
dietary fibre intake were cereals and cereal products (bread,
crispbread and rusks in particular), followed by potatoes
and other tubers, vegetables and fruits (mainly fresh fruits).
Similar food groups were identified as the major contributors
in Italian adolescents(42). Results of the Spanish and Japanese
national surveys, on the other hand, indicate that potato-
derived fibre intakes contributed much more to the Belgian
(14·4 %, 3·3 g/d) than to Spanish and Japanese total fibre
intakes (6·0 %, approximately 1·1 g/d and approximately
1·5 g/d, respectively)(8,41). While the contribution of cereal-
derived fibres was higher for Belgians than for Spanish
persons (34 %, 5·9 g/d v. 28 %, approximately 5·2 g/d), the
contribution of fruit-derived fibres was considerably lower
in Belgians compared with Spanish (14·7 %, 2·8 g/d v. 22 %,
approximately 3·9 g/d). Additionally, the contribution of
fruit-derived fibres in the Belgian was similar to that in the
Japanese population (13·5 %, 2·5 g/d). The fibre intakes from
the remaining food groups, including legumes, nuts and
seeds, and vegetables, were lower in this Belgium sample
than in the other surveys. In particular, the consumption and
contribution of legume-derived fibres were extremely low
compared with Spanish (12·1 %, approximately 2·2 g/d)(41)
and Japanese (14·1 %, approximately 2·6 g/d)(8) reports.
To the best of our knowledge, no published Belgian data
are available describing dietary fibre intakes stratified by
Table 4. Contribution (g/d) of different food groups to the total fibre intake among the study population, stratified in sex–education groups
(Mean values with their standard errors)
Education
Lower secondary
or less
Vocational, technical
or art education
General secondary
education Higher education
Food sources Mean SEM Mean SEM Mean SEM Mean SEM
Men
Total intake of main sources 17·6a 0·4 15·8b 0·4 15·3b 0·4 15·9b 0·4
Potatoes and other tubers 4·7a 0·1 4·2b 0·2 3·2c 0·2 3·3c 0·1
Vegetables 2·7a 0·1 2·4b 0·1 2·3b 0·1 2·8a 0·1
Legumes 0·240a 0·069 0·149a 0·044 0·127a 0·042 0·185a 0·049
Fruits
All fruit 2·9a 0·2 2·1b 0·1 2·3b 0·2 3·0a 0·2
Fresh fruit 2·8a 0·2 1·9b 0·1 2·2b 0·2 2·8a 0·2
Nuts and seeds 0·118a 0·036 0·132a 0·034 0·140a 0·038 0·236b 0·060
Cereals and cereal products
All 7·0a 0·2 7·1a 0·2 7·3a 0·3 6·6a 0·2
Bread, crispbread and rusks 6·4a 0·2 6·0a 0·2 5·6b 0·2 5·4b 0·2
Other cereal products 0·560a 0·056 1·1b 0·1 1·7c 0·1 1·1b 0·1
Women
Total intake of main sources* 13·5a 0·3 12·2b 0·3 13·2a 0·4 13·6a 0·3
Potatoes and other tubers* 3·2a 0·1 2·5b 0·1 2·5b 0·1 2·1c 0·1
Vegetables 2·5a 0·1 2·2b 0·1 2·5a 0·1 3·0c 0·1
Legumes 0·135a 0·038 0·108a 0·049 0·100a 0·031 0·036a 0·019
Fruits
All fruit* 2·9a 0·1 2·8a 0·2 3·2a 0·2 3·2a 0·2
Fresh fruit* 2·9a 0·1 2·6b 0·2 3·0a 0·2 3·0a 0·2
Nuts and seeds 0·040a 0·016 0·150a 0·037 0·191b 0·046 0·177a 0·044
Cereals and cereal products
All 4·8a 0·1 4·7a 0·2 5·0a 0·2 5·3b 0·2
Bread, crispbread and rusks* 4·4a 0·1 3·7b 0·1 3·9b 0·2 4·3a 0·2
Other cereal products* 0·403a 0·104 1·0b 0·1 1·1b 0·1 0·925b 0·065
a,b,c Mean values within a row with unlike superscript letters were significantly different (P,0·05, ANOVA with Bonferroni correction after log transformation).
* Mean values were significantly different between men and women (P,0·05; Student’s t test after log transformation).
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level of education. There are indications that a higher socio-
economic status such as education, family income and occu-
pational level is associated with higher intakes of dietary
fibres(45–49). Nevertheless, in our Belgian study, lower second-
ary educated men and higher educated women reported the
highest total fibre intakes. In all sex–education groups, cereals
and cereal products contributed most to the total fibre intake.
The contribution of cereal products other than bread, crisp-
bread or rusks was the lowest for lower secondary educated
men and women, whereas higher educated persons con-
sumed more fibres from vegetables and fruits. In general,
potato-derived fibre intakes decreased with the level of
education. Moreover, some recent studies have observed
that fibre intake through the consumption of vegetables,
fruits and cereals increases with participants’ socio-economic
status and education level(45,48).
Associations between dietary fibre intake and BMI and
waist circumference
Although BMI is not an accurate indicator of body compo-
sition, it is a well-known predictor of obesity in the general
population(50). WC is a better and stronger predictor of
abdominal obesity and obesity-related health risks(51).
Hence, in the present study, both BMI and WC were used in
order to find more precise associations between dietary fibre
intake and body composition.
There are indications that the consumption of dietary fibres
may have beneficial effects, such as lowering body weight,
BMI and WC(52–62). In the present study, total dietary fibre
intakes were significantly inversely associated with WC, but
not with BMI. In line with the present findings, Ventura
et al.(62) reported that higher total dietary fibre intakes corre-
lated with lower WC. Moreover, Liese et al.(56) found that
total fibre intakes were inversely associated with both BMI
(b ¼ 20·795, P¼0·013) and WC (b ¼ 21·9, P¼0.008) after
adjustment for age, sex and socio-economic status. Du
et al.(63) observed that dietary fibre intakes were inversely
associated with body-weight gain and WC increases among
Europeans. Conversely, one cross-sectional study involving
adults aged 60–80 years and one randomised controlled trial
involving breast cancer patients aged 18–70 years reported
no significant effects of dietary fibres on BMI or body
weight(57,60). Additionally, in one recent cross-sectional study
involving 5783 Chinese adults aged 20–59 years, higher total
dietary fibre intakes correlated with increased BMI(59).
Although cereal-derived fibre intake was the most important
contributor in all sex–age and sex–education groups in the
present study, it was not significantly associated with BMI
nor WC. A European prospective cohort study(63), however,
suggested that fibres derived from cereals, more than those
from vegetables or fruits, may have a role in the prevention
of body-weight and WC gain. In addition, recent studies
have found that cereal-derived fibre intakes were inversely
associated with BMI and WC(9,16,57,64). A recent systematic
review has suggested that the consumption of cereal fibre
led to more health benefits in the prevention of type 2 dia-
betes mellitus by improving insulin sensitivity and increased
Table 5. Stepwise multiple linear regression analysis of the potential
associations between BMI and waist circumference (WC), and total and
food group-specific fibre intakes among participants of the Belgian
national food consumption survey (2004–5)
(Coefficients with their standard errors and 95 % confidence intervals)
b Coefficient SE 95 % CI P
Dependent variable: BMI (kg/m2; n 3055)*†‡
Food groups§
Potatoes and other tubers
Model 1 0·139 0·029 0·081, 0·197 ,0·001
Model 2 0·022 0·023 20·024, 0·067 0·353
Model 3 20·009 0·028 20·064, 0·046 0·754
Vegetables
Model 1 0·112 0·037 0·039, 0·186 0·003
Model 2 0·065 0·034 20·002, 0·131 0·057
Model 3 0·056 0·034 20·010, 0·123 0·095
Fruits
Model 1 0·107 0·025 0·058, 0·157 ,0·001
Model 2 0·022 0·023 20·024, 0·067 0·353
Model 3 0·024 0·023 20·021, 0·069 0·297
Cereals and cereal products
Model 1 20·077 0·020 20·118, 20·037 ,0·001
Model 2 20·045 0·020 20·084, 20·006 0·025
Model 3 20·019 0·022 20·063, 0·025 0·391
Dependent variable: WC (cm; n 2875)*†‡
Total fibrek
Model 1 0·172 0·037 0·099, 0·244 ,0·001
Model 2 20·091 0·030 20·150, 20·032 0·003
Model 3 20·118 0·032 20·181, 20·055 ,0·001
Food groups{
Potatoes and other tubers
Model 1 0·876 0·102 0·676, 1·076 ,0·001
Model 2 20·003 0·086 20·171, 0·165 0·972
Model 3 20·028 0·085 20·195, 0·140 0·744
Vegetables
Model 1 0·288 0·131 0·031, 0·545 0·028
Model 2 0·063 0·105 20·143, 0·269 0·548
Model 3 0·099 0·104 20·105, 0·303 0·342
Fruits
Model 1 0·334 0·087 0·164, 0·505 ,0·001
Model 2 20·066 0·070 20·204, 0·072 0·349
Model 3 0·731 0·212 0·316, 1·146 0·001
* Model 1, unadjusted; model 2, adjusted for age, sex, region and level of
education; model 3, model 2 further adjusted for total energy intake and
interactions with and between the effect factors.
† Legume-derived fibre intake was not retained in the models for both BMI and
WC, whereas total fibre intakes and cereal-derived fibre intakes were not
retained in the model for BMI and WC, respectively.
‡ Women, lower secondary education and Walloon region are as reference in the models.
§ Model 2. Significantly positively associated variable: age; significantly negatively
associated variables: sex, general secondary education, higher education,
Flanders region and Brussels region. Model 3. Significantly positively associated
variables: age, sex, higher education and Brussels region; significantly negatively
associated variables: general secondary education and Flanders region. Signifi-
cantly positively associated interactions: vocational, technical or art £ sex, higher
education £ age and Brussels region £ age; significantly negatively associated
interactions: sex £ age, vocational, technical or art £ age, general secondary
education £ sex, general secondary education £ age, higher education £ sex,
and cereal fibre £ vocational, technical or art.
kModel 2. Significantly positively associated variable: age; significantly negatively
associated variables: sex, general secondary education and Brussels region. Model
3. Significantly positively associated variables: age and Brussels region; significantly
negatively associated variables: sex and general secondary education. Significantly
positively associated interactions: general secondary education £ age and total
fibre £ higher education; significantly negatively associated interactions: sex £ age,
higher education £ sex and Brussels region £ age.
{Model 2. Significantly positively associated variable: age; significantly negatively
associated variables: sex, general secondary education and higher education.
Model 3. Significantly positively associated variables: age and higher education;
significantly negatively associated variables: sex and general secondary edu-
cation. Significantly positively associated interaction: general secondary education £
age; significantly negatively associated interactions: higher education £ age,
Brussels region £ age, fruit fibre £ sex, cereal fibre £ vocational, technical or art, and
cereal fibre £ general secondary education.
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bowel movements without adverse effects(65). Furthermore,
one prospective cohort study and one cross-over study have
stated that a high cereal fibre intake with a low glycaemic
load was inversely associated with the risk of type 2 diabetes
compared with lower cereal fibre intake and higher glycaemic
load(66,67). Surprisingly, in the present study, the intake of
fruit-derived fibres was positively associated with WC. Con-
versely, McKeown et al.(57) found no significant associations
between the intake of fibres from vegetables or fruits and
body composition. Moreover, some recent studies have
described an inverse relationship between fruit- and veg-
etable-derived fibre intakes and body weight and BMI(68,69).
According to recent reviews, high fibre intakes through the
consumption of vegetables and fruits would have no direct
effect on body weight, but may exert indirectly health-promot-
ing activities related to body composition(70,71).
In the present study, we controlled for potential modifier
effects and observed that age, sex, region, education, energy
intake and certain interactions affected the linear association
between dietary fibre intakes and BMI and WC. Similarly,
region, age, sex and level of education have been described
as potential confounding factors for the effect of fibre intake
on measures of obesity(52). Byrd-Williams et al.(53) found
that dietary fibre intakes were inversely associated with the
BMI of men and women (18–24 years), and with the WC of
men. Howarth et al.(55), on the other hand, reported that diet-
ary fibre intakes were inversely associated with the BMI of
women aged 20–59 years, but not of men in the same age
range.
Strengths and limitations
This national nutrition survey can be seen as the largest survey
covering all the provinces and language regions in Belgium so
far. The present study is the first one evaluating dietary fibre
intake stratified by sex–age and sex–education, as well as
assessing the association with anthropometric indices includ-
ing BMI and WC in the Belgian population.
Yet, some limitations of the present study are the low
response rate (42 %) and the use of two 24 h recalls to
assess dietary fibre intakes. Although, no doubt, willingness
to participate leads to some selection bias as volunteers are
generally more concerned with health and diet than others,
the present study population represents a more general popu-
lation of Belgium in comparison with other studies, which are
mostly restricted to local areas. In addition, all seasons and
days of the week were almost equally represented. Another
limitation related to the sampling is the broad age range of
the young adult group (19–59 years), which could lead to
imprecise interpretations of the results obtained for that age
group. Differences attributed to this age group may be
applicable only to a smaller subset with more significant
differences, and this may have implications for policy
recommendations.
A limitation of 24 h dietary recalls is that it does not allow
quantifying proportions of non-consumers for particular
food items, a fortiori for infrequently consumed foods. More-
over, accuracy of collected data relies on the individual’s
ability to remember foods and beverages consumed in the
past 24 h, and might, therefore, be biased towards misreport-
ing. In this respect, the 24 h dietary recalls were performed
through computer-assisted EPIC-SOFT and face-to-face inter-
views to guide the participants to report all their consumption,
even the easily forgotten snacks.
Another limitation of this survey is the fact that weight and
height were self-reported. However, the strength of this survey
is that WC was measured by trained dietitians. When interpret-
ing the results, it could be that this difference in recording
method (self-reported v. measured) is partly responsible for
the differences found between BMI and WC in the present
study. Yet, the inclusion of both measures is an important
strength of the present study, as these are not similar but
complementary parameters for body composition due to
their independent contribution to the prediction of total and
abdominal obesity(72).
Additionally, a large number of missing values of WC might
be a factor leading to a biased sample, as obese people might
more often refuse to have a WC measurement. Then, the
underestimated WC could bias the association between WC
and dietary fibre intake in the present study. However, the
authors performed some additional sensitivity analyses (results
not shown), which showed no significant differences in BMI
or fibre intake between the group with missing WC data and
those included in the WC analyses.
At last, it is noteworthy that soluble and insoluble dietary
fibre intake should be analysed separately for further knowl-
edge, but due to the information in the food composition data-
bases, this was not possible. Biomarkers as well need to be
considered to investigate the association with dietary fibre
intake and glycaemic index in future studies.
Recommendations
The present study findings indicate unfavourably low fibre
intakes among our Belgian population. Enhancing the daily
amount of vegetables, fruits, legumes, nuts and seeds could
contribute importantly to higher fibre intakes. However, in
the battle against obesity, one should keep in mind that the
total energy intake should not be influenced by the enhance-
ment of these food groups, which could necessitate a conco-
mitant decrease in other (less fibre-rich and energy-dense)
foods such as soft drinks, candies and refined bakery pro-
ducts. If public health policies for the increase in fibre intakes
are to be effective, policy development and implementation
need to target the main sources of dietary fibre in various
populations. Also manufacturers could be stimulated to refor-
mulate existing products to incorporate more whole grains.
Conclusion
This survey provides information on the consumption of total
and food group-specific fibres in Belgium. The most important
contributor was cereals and cereal products. Total fibre intakes
were lower than the recommended intake in all sex–age and
sex–education groups. The dietary fibre intakes increased
with age. Lower educated men and higher educated women
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consumed most dietary fibre. Although these results show that
Belgians did not consume enough fibre, a significant inverse
relationship was observed between total fibre and cereal-
derived fibre intakes and WC.
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